1. Flagellin, isolated from the flagella ofSalmonella adelaide, was shown by various criteria to be a puire protein. It had a molecular weight ofabout 40 000 and contained three methionine, six tyrosine, 11 arginine and 25 lysine residues/mol., of whichl 11 of the lysine residues were present as E-N-methyl-lysine. 2. After treatment of flagellin with cyanogen bromide in formic acid, four main fragments (A, B, C and D) wsere obtained, with as many as six minor components that represented partial degradation products. The major fragments were estimated by amino acid analysis to have molecular weights of about 18000 for fragment A, 12000 for fragment B, 5500 for fragment C and 4500 for fragment D. Fragments A, B and D, but not fragment C, were recovered pure by gel chromatography as monitored by poly.. acrylamide-gel electrophoresis. 3. A complex between fragments C and D was also isolated (mol.wt. 10000) after limited oxidation of flagellin by chloramine-T before digestion by cyanogen bromide. After oxidation essentially only two fragments were released from flagellin by cyanogen bromide: the 'C,D' complex and a presumed 'AB' fragment. 4. The sum of the amino acid analyses of fragments A and B and the 'C,D' complex gave residue values that agreed well with the amino acid composition of native flagellin. 5. Fragments A and D contained tyrosine, and ten of the 11 E-N-methyl-lysine residues of the molecule were in fragment A. Reaction with [125I]iodide at small extents of substitution showed that, in flagellin, the tyrosine residue of fragment D was more readily substituted than those of fragment A. By contrast, in polymerized flagellin, the tyrosine residues of fragment A were more readily substituted. 6. Treatment of flagellin with carboxypeptidases A and B revealed the C-terminal sequence -Leu-Leu-LeuArg. Arginine and leucine were released by carboxypeptidase from the 'C,D' complex but not from fragment D, indicating that fragment C was C-terminal. 7 . On the basis of the resuilts from amino acid analysis, carboxypeptidase digestion, N-terminal analysis, iodination studies and polyacrylamide-gel electrophoresis, the sequence of fragments in flagellin was considered to be B-A-D-C; in the polymer, fragment A was exposed. It is suggested that methylation of the lysine residues occurred in the organism after flagellin had polymerized.
There have been many investigations into the structure of naturally occurring antigens, but most of these studies have been concerned with the delineation of antigenic determinants and their position in the intact molecule (see review by Kabat, 1966) . For example, with both tobacco-mosaic- Abbot, 1964a) . In any of these forms the protein has been shown to be highly immunogenic, the injection of lug. or less in saline into adult rats causing a well-defined antibody response. On the other hand, injection of flagellin, but not the polymerized forms, into rats beginning at birth causes tolerance that is almost complete when tested by later injection offlagellin and partial when tested by later injection of the polymer. The fate of each form of the antigen has been studied in detail by trace labelling with radioactive iodine and by study of the distribution of radioactivity between and within rat tissues (for review see Ada, 1967) . Finally, it has been shown (Diener & Armstrong, 1967 ) that, at appropriate dosages of the polymer, antibody production or tolerance can be achieved in cultures of spleen cells from CBA mice. These reasons were considered sufficient to justify a more detailed study of the chemical and physical properties of the flagellin molecule and its disposition within the flagellum or polymer.
In most previous studies, proteins have been degraded by enzymes into small peptides. We initially chose to degrade the protein in a more limited fashion and so obtain large fragments that might still retain some of the secondary and tertiary structure of the protein. Flagellin was treated with cyanogen bromide, which specifically and almost quantitatively splits the peptide chain on the carboxyl side ofthe methionine residues, converting the methionine into homoserine lactone. As flagellin has three methionine residues/mol., four fragments should be obtained. This paper describes the conditions of cleavage of the protein and some chemical and physical properties of the protein fragments. The following paper (Parish, Wistar & Ada, 1969) describes some of the biological properties of the fragments.
MATERIALS AND METHODS
Preparation of flagellin. Salmonella adelaide (strain, SW 1338; H antigen, fg; 0 antigen, 35) was used in this investigation. The procedure for preparing flagellin was as reported by Ada et al. (1964a) . The flagella were removed from the bacteria by shearing in a blender and separated from the bacterial bodies by centrifugation. The flagella in the supernatant were then pelleted by high-speed centrifugation. When treated with acid, the flagella dis. sociated into flagellin (monomer) and acid-insoluble material. Flagellin was purified by polymerization in 15% saturated ammonium sulphate; this material was called 'polymer' and was also readily disociated into flagellin when treated with acid. Flagellin prepared by acid dissociation of the polymer was used for all studies. The protein concentration of flagellin solutions was determined spectro. photometrically at 215nm. Efl4,% at 215nm. of flagellin was estimated to be 94-0 based on dry weight determinations.
Digestion of flagellin with cyanogen bromide. Concentrated solutions of polymer were obtained by allowing the sedimented polymer to resuspend over several hours in small volumes ofwater. To 20-60mg. ofpolymer Polyacrylamide-gel disc electrophoresis was carried out at pH 8.9 (Davis, 1964) in the presence or absence of8M-urea (Reisfeld & Small, 1966) , or at pH2-7 in 8M-urea (Neville, 1967) as a procedure to monitor the CNBr digests and subsequent purification of the fragments. (Davis, 1964) .
Amino acid analysis. Samples (0.3-1mg.) were hydrolysed in vacuo in 0-5ml. of constant-boiling HCI (5.54M) for 24, 48 and 72hr. at 1100 (Crestfield, Moore & Stein, 1963 (Ambler, 1965) . Hydrolysates were treated with pyridine-acetate buffer, pH6-5, at 1050 for 1 hr., dried by rotary evaporation, redissolved in 30% (v/v) ethanediol in 0-01 M-HCl and applied to the column of the analyser. Best resolution of homoserine was achieved by regenerating and developing the column of the analyser (column temperature 52.50) with the standard Beckman pH3-28 buffer (con. taining 65mM-sodium citrate, 128mM-HCI, 48mM-thiodiglycol, 11mM-phenol and 2ml. of BRIJ 35 solution/I., adjusted to pH2-90 with 5-54M-HCI). By using this system homoserine was well resolved from glutamic acid, but the threonine-serine separation was impaired.
Digestion offlagellin and fragments with carboxypeptidases A and B. Flagellin and its fragments were digested with carboxypeptidase A or B (or both) (Sigma Chemical Co., St Louis, Mo., U.S.A.)underthefollowingconditions. Enzymes were added at 1,ug. of carboxypeptidase A/5nmoles of protein and 1 ,ug. of carboxypeptidase B/nmole of protein. Digestions were performed at 30°in 0-OSMsodium phosphate buffer, pH7.5, 25nmole protein samples being taken at times ranging from 15min. to 4hr. The reaction was stopped by adjusting the pH to 2 with dil. HCI, and the complete mixture was then applied to the amino acid analyser.
Optical rotatory dispersion. Measurements were made at 20°with a Perkin-Elmer spectropolarimeter, fitted with a 1 ml. quartz cell with a light-path of 1dm. Protein concentrations of 2.5-3mg./ml. were used and the optical rotation was measured at 365,436,546 and 578nm. Helical content was calculated (Moffit & Yang, 1956 ) by assuming that Ao was 212nm. and that bo (100% helix) was -630. Three protein solutions were studied: flagellin, the CNBr digest of flagellin, and flagellin in 70% formic acid. In all cases blank readings were made on the appropriate solvents.
Polymerization offlagellin. Polymerization was followed in a spectrophotometer by measuring the increase in extinction at 250nm. Extinctions were measured in 0-5cm.-light-path quartz cuvettes against solvent blanks. Solutions containing approx. 2mg. of flagellin/ml. were polymerized by adding saturated ammonium sulphate to give a final concentration of 15% saturation. The extinction was measured before and immediately after the addition of the ammonium sulphate, and then at intervals for the next 24hr. A flagellin control was also included, to which water was added instead of ammonium sulphate. After 24hr. the degree ofpolymerization was also checked by centrifugation of the solution at 70000g for 40min. and the amount of non-polymerized protein in the supernatant was measured at 215nm. (14,umole) . After 3min., 2,ul. of water containing an excess of potassium metabisulphite was added followed by 2,1l. of O lM-carrier iodide, and the mixture was resolved by chromatography on a column (0-5cm. x 8cm.) of Sephadex G-100 eluted with 0-12m-NaCl-0 02M-sodium phosphate buffer, pH7 3. The fragments were labelled under similar conditions but the mixtures were resolved on columns of similar size of Sephadex G-15 eluted with the same solvent. For flagellin one-hundredth of the above concentrations of oxidizing and reducing agents was used, but the time of oxidation was extended to 30min. (McConahey & Dixon, 1966) .
RESULTS
Characterization offlagellin Electrophoretic behaviour. Electrophoresis of flagellin on cellulose acetate strips at pH 8*9 showed a single protein band, which migrated with a mobility between those of rat fi-and y-globulins.
When it was examined by polyacrylamide-gel electrophoresis at pH2 7 or 8-9 either in the presence or in the absence of 8M-urea, a single protein band was observed (Fig. 2a) . Flagellin treated with 70% formic acid at room temperature for 16 hr. also gave a single band on polyacrylamidegel electrophoresis at pH 2-7 in 8M-urea.
Ultracentrifugal behaviour. Both flagellin and fragment A (2-5mg./ml.) were examined by sedimentation analysis in the Spinco analytical ultracentrifuge, in a 0 IM-sOdium chloride-00O1lM-sodium phosphate buffer, pH7.0. The solutions were spun at 59780rev./min. for 240min. at 200.
Both showed single symmetrical protein peaks with uncorrected S20,W values 2-24 and 2-07s respectively (Ada et al. 1964a) .
Amino acid analy8i. Flagellin contained approximately 380 amino acid residues/mol., was rich in glutamic acid, aspartic acid and alanine and poor in methionine, proline, tyrosine and phenylalanine, and lacked cysteine and histidine (Table 1 , column 5). Others (e.g. McDonough, 1965) have shown tryptophan to be absent from flagellin. Of the 26 lysine residues/mol., 12 were present as E-Nmethyl-lysine. A low value for methionine (2.26 residues/mol.) was obtained after the standard acid hydrolysis of flagellin. After performic acid oxidation a value of 2-86 was obtained, and this is consistent with there being three methionine residues in a flagellin molecule. Based on the valuies for proline, methionine and tyrosine, a mol.wt. of 40000 for flagellin is reasonable and agrees with the value found by McDonough (1965 A.! .. (6) 4 86 (5) tl.82 (2) tl92 (2) 8-60 (9) t8-54 (9) 6*83 (7) 3-88 (4) 2*87 (3) 13-6 (14) 13-9 (14) 10-2 (10) 0 00 1-13 (1) 11*3 (11) 12-1 (12) 0.00 000 0.00 0*00 Cleavage offlageUin by cyanogen bromide As methionine is a hydrophobic amino acid and flagellin contains only three methionine residues/ mol., it was likely that these residues would be sterically masked so that the reaction of flagellin with cyanogen bromide would need to be carried out in a strong dissociating agent. Moreover, the cyanogen bromide reaction requires acidic conditions (Hofmann, 1964) . The reaction of flagellin with cyanogen bromide in dilute hydrochloric acid (0-1-0 3M) was incomplete, and at higher concentrations of hydrochloric acid the flagellin was irreversibly denatured and was precipitated from solution. Similarly, cleavage was incomplete in 0 1 Mhydrochloric acid-8M-urea. Formic acid (70%) was found to be more suitable, probably because it is a strong dissociating agent and also maintains a low pH. Preliminary optical-rotatory-dispersion measurements suggested in fact that 70% formic acid did alter the conformation of the flagellin molecule. Values in Table 2 for flagellin, for flagellin in 70% (7) 3.7 (4) 6-2 (6) 6-9 (7) 1.3 (1) 2-3 (2) 7-7 (8) 4*0 (4) C. R. PARISH AND G. L. ADA 2*0 subsequent work showed that the reaction was complete within 30min. Varying the formic acid concentration from 50% to 90% or increasing the cyanogen bromide concentration tenfold appeared to yield the same final products.
Product from cyanogen bromide dige8tion offlageUlin After cyanogen bromide digestion of flagellin in 70% formic acid for 18hr., amino acid analysis revealed a complete disappearance ofthe methionine residues (Fig. 3) even when 2-3 times the usual amount of hydrolysate was analysed. Assuming flagellin had a mol.wt. 40000, 2-10 residues of homoserine/mol. were detected in the cyanogen bromide digest. In all other respects, the amino acid analyses of the digest and of flagellin were similar.
The cyanogen bromide digest was analysed most reliably by polyacrylamide-gel electrophoresis in a pH2.7 buffer containing 8M-urea. -Under these conditions very little intact flagellin was detected. Ten protein bands appeared (Fig. 2b) , four of which were subsequently found to be single cyanogen bromide fragments; the number of fragments expected if there were three methionine residues/ flagellin molecule was four. These four bands were arbitrarily called fragments A, B, C and D in the order of their increasing mobility in the poly-acrylamide gels. Five fainter bands appeared near the top of the gel. Two had a mobility similar to that of flagellin itself. Three occurred between these two bands and fragment A. These five bands were considered to be partially degraded flagellin molecules. A sixth band was present between fragments B and C and was believed to be a ' C,D' complex. Evidence for this is presented below. Gel chromatography of the digest yielded fractions that were rich in the five slow-moving components (Fig. 4) . Amino acid analyses indicated that these fractions contained substantial amounts of methionine sulphone but no methionine. Methionine sulphone is not present in flagellin. The absence of methionine also indicated that methionine sulphoxide was not present, since acid hydrolysis would convert the sulphoxide back into methionine (Ray & Koshland, 1960) . The results suggested that cyanogen bromide converted about 95 % of the methionine residues into homoserine lactone, resulting in peptide-bond cleavage, whereas the remaining 5 % of methionine residues were not susceptible to cleavage by cyanogen bromide, but were probably oxidized to methionine sulphone during acid hydrolysis. On this basis, the upper five minor bands are incompletely split peptides of flagellin, containing two, three or four of the fragments. Electrophoresis of the digest was also perforned at pH8-9, in the presence and absence of 8M-urea. Under these conditions resolution of protein bands was very variable, the number of protein bands ranging from three to 12 (Fig. 2b) . Subsequent tests revealed precipitating activity against anti-flagellin serum in all the protein bands resolved at pH 8*9 in the absence of 8 M-urea, suggesting that the 'bands' were aggregated material and not individual components.
Separation of the product8 of cyanogen bromide dige8tion Gel filtration as described in the Materials and Methods section was used to separate the peptides resulting from cyanogen bromide digestion. A typical elution profile is shown in Fig. 4 . Fractions were monitored by polyacrylamide-gel electrophoresis at pH 2-7 in 8M-urea (Fig. 4) . The partially degraded material was eluted first from the column, appearing in the leading edge of the first peak. Most of the protein in the first peak was fragment A, pure samples being obtained in the latter half of this peak. Fragment B appeared in the second peak and some was obtained free from all other fragments. The final peak contained pure fragment D. Fragment C and 'C,D' complex appeared between the second and third peaks but were never obtained free from fragments B and D. Some u.v.-absorbing material was detected in the portion of the column effluent in which low-molecular-weight substances would be expected to be present. This material was probably homoserine lactone. It reacted with ninhydrin, had the same Rp value and electrophoretic mobility as authentic lactone, and appeared in the same position as did the lactone during amino acid analysis. Since flagellin does not appear to contain adjacent methionine residues, the reason for the appearance of free homoserine lactone was uncertain. Possibly there was an acid-labile bond attaching homoserine lactone to one of the peptides.
Numerous attempts were made to purify fragment C and the postulated 'C,D' complex from a cyanogen bromide digest of flagellin by varying the conditions of fractionation of the digest. All were unsuccessful, and so advantage was taken of the observation that, when flagellin was exposed to relatively high concentrations of the oxidant chloramine-T and then treated with cyanogen bromide, a simpler pattern of breakdown products was observed on polyacrylamide-gel electrophoresis (Fig. 2c) . Only three protein bands were seen, one being a low-molecular-weight component corresponding in position to the postulated 'C,D' complex. It was isolated in a pure state (Fig. 2c) by chromatography on Sephadex columns, as described in the Materials and Methods section, in a yield of 20% of the theoretical maximum amount. Presumably chloramine-T oxidizes the more exposed methionine residues to methionine sulphoxide, which is not amenable to cleavage by cyanogen bromide. The methionine residue linking 'C,D' complex to the rest of the flagellin molecule is probably masked and therefore less readily oxidized.
Characterization oftheproduct8 ofcyanogen bromide dige8tion Molecular-weight e8timate8. Estimates of the molecular weight of each fraction, based on the area under the peaks of the elution profile (Fig. 4) , were made relative to the molecular weight of flagellin by assuming a value of 40000 as found by McDonough (1965) . These estimates were valid if the following conditions obtained; (1) (Table 1 ). The sum of the analysis of fragments A, B and the 'C,D' complex agrees well with the composition of the complete flagellin molecule (see Table 1 , columns 4 and 5). There are only minor discrepancies, the most important being 11 c-N-methyl-lysine and 11 arginine residues/mol. in the cyanogen bromide fragments compared with 12 and 10 residues/mol. respectively in the flagellin analysis. In these cases we have assumed that the values obtained from the fragments are more reliable than the flagellin analysis.
Fragment A contained five of the six tyrosine residues and ten ofthe 11 -N-methyl-lysine residues of the molecule, but was low in glutamic acid, isoleucine and leucine, and contained only one of the 11 arginine residues. Its molecular weight was estimated to be 18000, based on the arginine, proline, tyrosine and phenylalanine contents. Fragment B contained no e-N-methyl-lysine, tyrosine or proline, but possessed six of the 11 Vol. 113 495 arginine residtues and 17 of the 37 glutamic acid residues of the molecule. The threonine and serine contents of fragments A and B showed large differences. The molecular weight of fragment B was 12 000, based on the glycine, isoleucine, leucine, valine, phenylalanine and lysine contents. The 'C,D' complex had a molecular weight of about 10000 as judged by the proline, glycine, tyrosine, phenylalanine, lysine and arginine contents. One residue of methionine/mol. was recovered from the 'C,D' complex, whiclh was presumably mnethionine sulphoxide during digestion with cyanogen bromide, but was reconverted into methionine by acid hydrolysis. Fragment D had a molectular weight of 4500, tlis estimnate being based on tho pheniylalanine, lysine, E-N-mnethyl-lysino and arginine contents. This leaves a molecular weight of 5500 for fraginent C, which accords well with its position of banding in polyacrylamide-gel electrophoresis, and its contents of arginine, lysine and phenylalanine estimated from the difference between the compositions of fragment D and the 'C,D' complex. Thus the estimates of the molecular weights obtained from the gel chromatography are in reasonable agreement with the values from amino acid analysis. Homoserine was found to be present in fragments A, B and D, but not in the 'C,D' complex (Table 1) .
Action of carboxypeptidases A and B on flagellin and fiagellin fragments. The inain results of these investigations are presented in Table 3 , from which the following points are made.
(1) No amino acids were released from flagellin during the 2hr. treatment with carboxypeptidase A. (2) After 4hr. treatment with carboxypeptidase B, only leucine and arginine were released. (3) In the presence of both enzymes, a 15min. treatment also only released leucine and arginine but a more prolonged treatment released a large number of different amino acids. Because of the known specificities of these enzymes, it seemi-s most likely that arginine is the C-terminal amino acid of flagellin. Variation in the ratio of leucine to arginine suggests a sequence of -Leu-Leu-Leu-Arg. Because of this finding, the flagellin fragments were only treated with carboxypeptidase B. Fragments A and B yielded no amino acids after 2hr. digestion, possibly due to the presence of C-terminal homoserine lactone. Leucine and arginine were released from the 'C,D' complex btut not from fragment D, which is consistent with tlle iinterpretation that in the flagellin molectule fragment C is in the C-terminal position. However, other amino acids were released fromn fragiment D and the 'C,D' coinplex in small but very sinilar amounts by this enzymiiic treatment. This suggests that carboxypeptidase B1 had an endopeptidase activity (fragment D also contaiined homoserine lactone) which was displayed vhen reacting with fragment D either by itself or in the 'C,D' complex, but not with native flagellin.
Iodination of flagellin fragments. Both for the interpretation of the amino acid analyses and for subsequent work with labelled fragments, it was desirable to see which of these fragments could be labelled with radioactive iodine. Fragment A and a mixture of fragments B, C and D were tracelabelled with [1251] iodide, mixed with unlabelled complete digest, and subjected to gel electrophoresis at pH2-7 in 8M-urea. The gels were stained as usual, destained and sliced into about 55 pieces. The radioactivity of each was determined, and in were labelled with [1251] iodide, mixed with a complete (ligest of unlabelled flagellin and subjected to polyacrylamide-gel electrophoresis at pH 2-7 in 8M-urea. Each gel was stained, excess of stain was then removed to allow location of the protein bands, and the gel was sliced into about 55 pieces. The radioactivity (curves) of each was estimated and compared with the positions of the protein bands (lower part). There was almost complete identity in the protein patterns, but the position of the dye marker varied slightly.
(and tho 'C,D' complex) contained ono or more tyrosine residues that could be substituted witl iodide.
To determline tlhe site in tho flagellin moleculo where iodination preferentially occurred in tracelabelling procedures, flagellin and polymer were iodinated and then mixed with carrier flagellin or polyiner. Each preparation was treated witlh cyanogen bromide and subjected to electrophoresis in polyacrylamnide gels as usuial. Tho iodination patterns of flagellin and polyiner differed (Table 4 Polymerization studies. Flagellin can be readily polymerized to form a structure sinilar to native flagella. Polymerization of flagellin occurs rapidly in 15% saturated ammonium sulphate. Flagellin, previously exposed to 70% formic acid or to 8M-uirea for 16hr. at 20°, and the cyanogen bromide digest were brought to 15% saturation with aminonium stulphate. The increased opacity of each solution was followed for 24 hr. by reading extinction values at 250nm. After 24hr., the polymerized protein was removed by centrifugation and the soluble protein in the supernatant was estimated. Flagellin polymnerized more rapidly than either forinic acid-or urea-treated flagellin. By 50min. the degree of polymerization that had occurred relative to the 24hr. value was as follows: flagellin, 84%; formic acid-exposed flagellin, 68%; ureatreated flagellin, 47%.
In each case 90 % or inore of the protein liad polymerized by 24hr. Neither flagellin in water (Martinez, Brown & Glazer, 1967) . The amino acid comnposition of S. adelaide flagellin is similar to analyses of other flagellins (MeDonough, 1965) . All show the absence of tryptophan and eysteine and the absence or low content of histidine. As tryptophan and eysteine are commonly found in proteins, this can also be taken as evidence for the lack of contamination of the flagellin by extraneous proteins. The preparation may contain carbohydrate, but if so the content is less than 0-03% (Ada et al. 1964a ). Finally, polyacrylamide-gel electrophoresis of flagellii under stringent conditions yielded a single staining band (see also Martinez et al. 1967 ).
Flagellin from S. adelaidle contains E-N-inethyllysine, a derivative of lysine that has so far been found only in some bacterial flagellins and in histones. The reason for its presence is uncertain. Flagellins can be obtained which differ apparently only in the presence or absence of E-N-methyllysine, and N-methylation of lysine can be effected by transduction (Stocker, MeDonough & Ambler, 1961) . The lack of cysteine in the inolecule suggests not only the presence of a single peptide chain but also the absence of any cross-linking, and this makes degradation studies simpler and increases the likelihood of recovery of intact antigenic determninants in the protein fragments.
Cyanogen bromide is the only known chleical that specifically atid quantitatively cleaves a protein at a partictular amino acid residue. As a result it has been used increasingly to study the primary structure of proteins. In many cases a lowv pH and a strong dissociating agent aro necessary to allow all methionine residues to be available for reaction. Formic acid has been found to be effective in this and other work (Steers, Craven, Anfinsen & Bethune, 1965) . However, formic acid has a disadvantage in that after its reinoval aggregation of protein fraginents becoines troublesome. With flagellin, the reaction appeared to be quantitative but the cleavage was incomplete. Soine of the fraginents in the partial degradation products were linked by a derivative of methionine, which was not, apparently, susceptible to the action of cyanogen bromide (suggesting that the sulphur was not bivalent), but which was recovered as methionine stulphone after both cyanogen bromide treatment and acid hydrolysis. At present the nature of this derivative is unknown, but preliminary results suggest that it is probably not methionine sulphoxide. The four major fragments were resolved by polyacrylamide-gel electrophoresis but only three (1) The N-terminal amino acid of flagellin (Ada et at. 1964a ) and of fragment B, but not of fragment A (B. E. Davidson, personal communication) is alanine. (2) As shown best in the case of polymer, when fragment D was only lightly labelled, the five minor components with a lower mobility than fragment A all contained fragment A because all were radioactive in proportion to the radioactivity in fragment A itself. It can be easily demonstrated that five components containing fragment A are only possible if fragment A is not N-terminal. The sequence therefore proposed is B-A-D-C (see Fig. 6 ), but amino acid-sequence studies will be necessary to establish this. The differences in the patterns of iodination of flagellin and of polymer suggest strongly that, in the polymer, fragment A is exposed but fragment D is masked. The amino acid compositions of the fragments are also of interest. Although fragment A contained only half of the total lysine it contained ten of the 11 e-N-methyl-lysine residues of the molecule (see Fig. 6 ). As fragment A appears to be exposed in polymer and methylation of lysine is enzymically mediated (Kim & Paik, 1965) , the possibility must be seriously considered that methylation of the flagellin lysine residues may occur only after polymerization of the flagellin. It has previously been suggested on genetic evidence (Stocker et al. 1961 ) that methylation of the lysine residues occurs after flagellin synthesis. The other marked difference is that fragment A contains only one of the 11 arginine residues of the molecule. It has also been shown that methylation of the lysine residues in peptides decreases the susceptibility of the peptide to tryptic action (Benoiton & Deneault, 1966) . Therefore fragment A may be relatively resistant to a trypsin-like enzyme because it contains only one arginine residue and many methylated lysine residues. Preliminary studies with trypsin have shown that this is so. Flagella resistant to tryptic digestion would be advantageous for Salmonella organisms since flagella are an extracellular protein and these organisms thrive in the manmmalian gut, an environment rich in tryptic enzymes.
